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Objective: To determine blood serum creatine kinase (CK)
levels in football players undergoing 2-a-day football practices
and to determine if CK levels are related to fitness. Our hy-
potheses were that CK levels in each subject would increase
over the course of practices and that higher levels of fithess
would result in smaller increases in CK.

Design and Setting: Creatine kinase measurements were
taken 4 times over 10 days of preseason, 2-a-day practices:
before beginning practices (CKM1) and on the mornings of the
4th (CKM2), 7th (CKM3), and 10th (CKM4) days of practice.

Subjects: Twelve male Division | football players from a mid-
western university.

Measurements: Fitness tests included percentage of body
fat, body mass index, anaerobic capacity, and peak power from
a 1-leg step test and 1-repetition maximum bench press and
squat lifts. Changes in CK levels were calculated as the differ-
ence between the second CK measure (CKM2) and the first CK

Results: Differences were significant between the CK mea-
surements (P = .0002). Post hoc analysis revealed that CKM2
and CKM3 levels were statistically higher than CKM1 levels. No
other statistically significant differences between CK measures
were noted. Pearson product moment correlation coefficients
showed that athletes who generated higher peak power during
a 15-second step test had smaller increases in CK levels from
CMK1 to CMK2 (r = —.64). Although the correlations with an-
aerobic capacity (r = —.54, P = .071), body mass index (r =
—.51, P = .090), and percentage of body fat (r = —.52, P =
.082) approached statistical significance, no other correlations
were statistically significant. The mean CKM2 level was 5124.7
U-L-* + 5518.1, approximately 30 times the norm for men.

Conclusions: Participation in 2-a-day football practices re-
sulted in significant serum CK elevations, which remained ele-
vated for at least 7 days. Participants who had higher peak
power had smaller increases in CK.

Key Words: exertional rhabdomyolysis, muscular damage,
peak power

measure (CKM1).
uscular damage resulting from vigorous exercise is
a common and normal event. Athletes often feel
muscular soreness between 8 and 24 hours postex-
ercise, with peak levels occurring at around 48 hours.® This
soreness is thought to be the result of the muscular damage
that can occur with any type of high-intensity workout and has
been reported to occur at the level of the sarcolemma, Z discs,
or both.2 Although it is normal to sustain muscular damage
with exercise, excessive damage can cause a condition known
as exertional rhabdomyolysis. Exertional rhabdomyolysis is
defined as the degeneration of skeletal muscle caused by ex-
cessive unaccustomed exercise and has been known to cause
death in healthy athletes.3->
One of the most valid and reliable methods for assessing
muscular damage is to check for increases in blood serum
levels of creatine kinase (CK), the primary enzyme regulating
anaerobic metabolism, because a high percentage of the body’s
CK is present in skeletal muscle tissue.2 Assessing CK levels
has been commonplace for more than 3 decades in studies
investigating muscular damage.® Creatine kinase is located in
the sarcolemma and mitochondrial intermembrane space of

healthy muscle cells and is responsible for catalyzing the
movement of phosphate from phosphocreatine to adenosine
diphosphate, forming adenosine triphosphate (ATP) and crea-
tine.”8

Creatine kinase is present in the body as 3 isozymes: the
skeletal muscle, cardiac muscle, and brain tissue types. In
some clinical situations, it may be relevant to check for one
of the 3 types of isozymes. If cardiac pathology is suspected,
increases in the cardiac muscle type can be expected. In cases
of head injury, increases in the brain tissue type can be ex-
pected. However, strenuous exercise that damages skeletal
muscle cell structure results in an increase in total CK, with a
mixture of all 3 isozymes.2° Therefore, when analyzing CK,
one may mistakenly conclude that physical exercise caused
damage to heart or brain tissue. However, most research shows
the increase in the cardiac and brain CK isozymes to be a
negligible amount of the total exercise-induced increase in
CK.210 Also, most studies indicate that the CK elevation is
from skeletal muscle, not cardiac muscle.211

Nosaka and Clarkson!2 pointed out that the exact mecha
nism by which CK enters the general blood circulation is un-
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known; however, it is thought that when acute damage occurs
to the muscle cell structure, CK leaks into the interstitial fluid
and is picked up by the lymphatic system. The CK then travels
through the lymphatic system and is eventually emptied back
into the general blood circulation, which results in an increase
in serum levels of CK.2 Thus, increases in blood levels of CK
are one indicator of muscular trauma. Normal resting levels
of CK for men are 55 to 170 units per liter (U-L-1), and for
women, 30 to 135 units per liter (U-L1).13

When strenuous exercise results in excessive muscular dam-
age, a condition known as exertional rhabdomyolysis can de-
velop. Postexercise CK levels 5 to 10 times the normal limit
for men or women have been defined as laboratory evidence
that exertional rhabdomyolysis may be present, although it is
possible to reach much higher levels.#14 Line and Rust* pre-
sented the case of a runner who was diagnosed with exertional
rhabdomyolysis and had a CK level of 108000 U-L-1. Ep-
stein? noted that a high CK level in the blood without other
laboratory and physical evidence does not indicate the pres-
ence of exertional rhabdomyolysis. Other laboratory evidence
of rhabdomyolysis may include increased serum levels of po-
tassium, phosphate, uric acid, creatinine, or lactate dehydro-
genase, while blood calcium and pH may be decreased.1®
Physical signs include muscular weakness, swelling, pain,
cramping, and darkened or tea-colored urine.1®

Risk factors for exertiona rhabdomyolysis include exercis-
ing in very hot and humid environments, not drinking enough
water (dehydration), weight lifting, poor physical conditioning,
fatigue, and prior history of heat exhaustion.# Although the
prevalence and incidence of exertiona rhabdomyolysis are not
known due to the inherent fatigue, dehydration, and blunt trau-
ma that occur while playing football, exertional rhabdomyol-
ysisis aprimary concern for athletes such as football players.

The purpose of our study was to determine if participation
in 9 days of 2-a-day football practices resulted in changes in
plasma CK levels. Secondary purposes included examination
of the differences in CK levels for the preseason levels, the
first 6, the second 6, and the third 6 practices (4th, 7th, and
10th days of practice) and determination if a relationship ex-
isted between measures of fitness and CK levels.

Although studies of muscular damage and CK are somewhat
common, most have been conducted in the controlled envi-
ronment of the laboratory. Few studies have been done on
athletes participating in their competitive activity. We found
no studies that examined CK levels in football players under
the stress of high-intensity exercise combined with high levels
of heat and humidity (2-a-day football practices) in aliterature
search of MEDLINE, the Internet, and SPORT Discus. Re-
garding football players, we found one case report of a player
who eventually died due to complications of exertional rhab-
domyolysis.> Of the studies that have been done on athletes
on the field, most involved marathon runners.!l As a result,
very little is known about the blood CK levels of football
players. More data on this subject are needed to aid us in
preventing exertional rhabdomyolysis.

METHODS

Subjects

Sixteen sophomore, junior, or senior members of a Division
| football team from a large midwestern university were re-
cruited to participate in this study (Table 1). Freshman players

Table 1. Subjects’ Physical Characteristics

Subject Position Age (y) Height (cm)  Weight (kg)
1 defensive back 23 179.07 79.6
2 defensive back 23 176.53 90.0
3 receiver 21 176.53 79.1
4 offensive lineman 23 196.22 145.9
5 defensive back 21 181.61 87.7
6 linebacker 19 182.88 102.7
7 offensive lineman 22 190.50 132.7
8 tight end 19 198.76 115.5
9 full back 19 186.69 111.4
10 defensive lineman 21 185.42 124.5
11 receiver 21 180.34 79.5
12 defensive lineman 19 190.50 122.7
Mean = 209 = 185.40 = 105.9 =
SD 1.6 7.30 22.9

did not participate because they were required to perform early
morning conditioning sessions in addition to the normally
scheduled practices that al players were required to attend.
Subjects were volunteers from a pool of athletes that remained
on campus for most of the 1997 summer and participated in
the team off-season conditioning program designed by the
team strength and conditioning coaches. For this reason, we
assumed that the participants in the study were acclimated and
in proper condition to exercise in the study environment. Four
subjects were dropped from the study as a result of muscu-
loskeletal injuries, leaving 12 subjects (75%) to complete the
research protocol. Each subject signed an informed consent
form in accordance with the institutional review board of the
university, which approved the study. The intent of the study
and the risks involved were explained before participation.

Procedures and Protocols

Before beginning 2-a-day practices, each participant com-
pleted a questionnaire that was used to help determine whether
factorsin the lives of the participants other than exercise might
be responsible for any increases seen in the CK levels. Each
participant also performed the following fitness tests to permit
generalizations regarding the relationship of conditioning and
CK levels: (1) percentage of body fat assessment using the
methods described by Jackson and Pollock with the sum of 7
skinfolds,16-17 (2) body mass index (BMI) assessment (body
weight in kg/height in meters)2, (3) 1-repetition maximum (1-
RM) strength tests for squat and bench press, (4) 60-second
1-leg step test to estimate anaerobic capacity, and (5) 15-sec-
ond 1-leg step test to estimate anaerobic peak power.

Skinfolds were measured with Lange skinfold calipers (Beta
Technology Inc, Santa Cruz, CA). We took 3 nonconsecutive
measures at each of the 7 standard sites on the right side of
the body, and the average of the 3 measures was used as the
skinfold thickness. Within-day intraclass reliability was cal-
culated to be 0.9998. The 7 sites measured were the chest,
subscapular, midaxillary, suprailiac, abdominal, triceps, and
thigh areas. Body density was determined from the Jackson
and Pollock equation,1” which has been found to be the most
valid skinfold body density equation for football players and
male athletes aged 18 to 29 years old.1® Percentage of body
fat was calculated with the Siri equation.16

The 1-RM strength tests were performed using standard
free-weight equipment. The athletes had been on a structured
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lifting routine for the summer, so each subject, along with the
strength and conditioning coaches, already knew his 1-RM
weight. After the athlete lifted hisformer 1-RM weight, weight
was added in 2.27-kg (5-1b) increments to determine the true
1-RM weight. Athletes were alowed as much time between
lifts as necessary to feel that recovery was obtained.

We obtained peak power and anaerobic capacity using the
single-leg step test described by Adams.18 The step test was
performed using a steel step 40 cm in height. The subject stood
perpendicular to the step, so that one foot was planted on the
top of the stepping surface and the other was positioned on
the floor at the base of the step. Each step consisted of raising
the body to the level of the step (40 cm) and then lowering it
back down to the ground in concentric and eccentric fashion.
The nonplanted leg was dangled in the air during the upward,
concentric stepping action and then lowered back to the
ground during the lowering, eccentric stepping action. The
subject was not allowed to bounce up from the floor and was
cued to keep his back straight at all times. Subjects practiced
the stepping procedure for 2 to 3 repetitions. After a short rest
period, the athletes were encouraged to perform the stepping
procedure with maximal effort for 1 minute. We used the num-
ber of steps completed in the first 15 seconds to compute peak
power and the number of steps completed in 60 seconds to
compute anaerobic capacity, following the procedures of Pe-
tersen.’® The anaerobic step test has been found to be a valid
and reliable test for the estimation of anaerobic power and
capacity.18.19

Creatine kinase levels were assessed by having a blood
specimen drawn from an antecubital vein. Approximately 3 to
4 mL of blood were drawn during the preseason physical ex-
amination (CKM1), which was the morning before the first
day of 2-a-day practices. The same quantity of blood was also
drawn the morning before the 4th (CKM2), 7th (CKM3), and
10th (CKM4) days of 2-a-day practices, allowing 6 practices
between each blood draw. Blood was drawn before breakfast,
between 5:00 Am and 6:00 Am, and practice generally began
at 9:00 am. All blood was collected following Centers for
Disease Control and Prevention guidelines. The antecubital
fossa was cleaned with an alcohol swab and thoroughly dried
with a sterile gauze pad. Either the median cephalic vein or
the median basilic vein (whichever was most accessible) was
punctured using standard sterile technique, and blood was
drawn into the Vacutainer tube (Becton, Dickinson and Co,
Franklin Lakes, NJ). A piece of sterile gauze was used to stop
bleeding at the blood draw site, and a bandage was placed
over the needlestick site. All equipment contaminated with
body fluids was handled and disposed of according to the
guidelines. Venipuncture was performed by a registered nurse,
and CK analysis was performed by the laboratory at the local
community hospital. The blood was refrigerated and trans-
ported immediately to the laboratory. It was then centrifuged
and the serum drawn off for analysis. The laboratory uses the
Dade Dimensions CK Analyzer (Dade Behring, Deerfield, IL),
which is accurate to +5%. All necessary blood-drawing equip-
ment was supplied by the hospital. This equipment consisted
of Vacutainer tubes and needles, tourniquets, and rubber ex-
amination gloves.

We measured temperatures and relative humidity on the
field before each practice with a sling psychrometer. Mean
temperature was 22.5°C and mean relative humidity was 64%
over the 10 days for which measurements were taken.

Table 2. Creatine Kinase Measures*

Subject CKM1 CKM2 CKM3 CKM4

1 315 9867 6890 3320

2 233 11634 5069 1605

3 269 18 823 13 399 2907

4 92 602 485 352

5 209 4342 2938 1939

6 174 1425 1933 694

7 270 2496 2048 937

8 122 2422 2314 975

9 144 3676 1097 769

10 179 2244 1396 217

11 256 693 594 836

12 182 3272 2275 613
Mean = 203.8 = 5124.7 = 3369.8 + 1263.7 =

SD 67 5518.1 3658.9 990.6

*CKM indicates creatine kinase measure in U-L1,

Statistical Analysis

We performed statistical analyses using the Statistics Pack-
age for the Social Sciences (version 6.1, SPSS Inc, Chicago,
IL). A one-way, repeated-measures analysis of variance (AN-
OVA) was calculated to test the differences between the means
of each group of CK measures. A Student-Newman-Keuls post
hoc comparison test was used to determine where differences
existed. We plotted CK group means versus practice day as a
line graph to show the rise and fall of CK from measure to
measure. Pearson product moment correlation coefficients al-
lowed us to determine whether there was a relationship be-
tween the measures of physical fitness and the difference be-
tween the first 2 measures of CK. The difference between the
first 2 CK measures was used because one of the goals of this
research was to determine a factor that was associated with
less muscular damage in the football players, as indicated by
lower levels of CK in the blood. A within-day reliability co-
efficient was calculated for the 3 skinfold measures completed
at each skinfold site using ANOVA. All alpha levels were set
at .05.

RESULTS

The CK analysis test results for each of the subjects are
presented in Table 2. The ANOVA revealed statistically sig-
nificant main effects for the 4 CK measures (F344 = 8.67,
P = .0002). Power for the ANOVA was .9831 (alpha = .05
level). The Student-Newman-Keuls post hoc test showed that
plasma CK levels at the second (CKM2) and third measures
(CKM3) were statistically higher than CK levels at baseline
(CKM1) (Figure 1). However, the differences between CKM 1
and CKM4, CKM2 and CKM3, and CKM3 and CKM4 were
not statistically significant.

We calculated Pearson product moment correlations (r) to
determine whether a relationship existed for the difference be-
tween CKM1 and CKM2 (CKDiff = CKM2 — CKM1) and
the measures of fitness. Differences between CKM1 and
CKM?2 were used because the greatest increase was between
the first 2 measures, and one of our goals was to determine if
there was a relationship between fitness indices and increases
in serum CK. Athletes who generated higher peak power dur-
ing a 15-second step test had lower increases in CK levels
from CKM1to CKM2 (r = —.64, P = .025) (Figure 2). There
were no other statistically significant correlations, although the
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Figure 1. Mean values for creatine kinase on the four test days.
Creatine kinase measure 1 (CKM1) was significantly different than
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Figure 2. Visual representation of the Pearson product moment
correlation between anaerobic peak power and CKDiff (r = —.64).

correlations with anaerobic capacity (r = —.54, P = .071),
body mass index (r = —.51, P = .090), and percentage of
body fat (r = —.52, P = .082) did approach statistical sig-
nificance.

DISCUSSION

A description of normal 2-a-day practices is important in
understanding our findings. Generally, the team warmed up
with approximately 10 minutes of static stretching and form
running. Then, the team broke into groups based on position
played and performed position-specific drills that were gen-
erally very physical with full contact. The position-specific

drills were generally done for approximately 80 minutes, after
which the team met for approximately 30 minutes for the
heavy contact drills, usually an offense versus defense scenar-
io. Because plasma concentrations of various substances are
affected by hydration status, we kept track of temperature and
humidity. The average temperature and humidity for the du-
ration of the study were 22.5°C and 64%, respectively. In ad-
dition, al blood was taken in the morning before any activity
to give the athletes maximal potential for rehydration during
the night.

Examination of CKM1 (the prepractice measure for this
study) shows that, even though the subjects had not begun 2-
a-day practices yet, the mean CK level was 203.8 = 67.0
U-L-1, which is higher than the published CK norms for
healthy men. Norms for CK levels in healthy men are 55 to
170 U-L-1.1320 The high CK levels found in CKM1 can likely
be explained by the summer conditioning program in which
the subjects participated. Hortobagyi and Denahan® showed
that it is not uncommon for healthy exercising athletes to have
blood CK levels ranging from 100 to 1000 U-L-1. These high
resting CK levels were attributed to decreased enzymeremoval
from the blood, permanently damaged muscle cell membranes
as a result of chronic physical stress, higher lean body mass
of athletes, higher levels of protein breakdown, or a combi-
nation of all these factors. If the muscle damage that occurs
is a one-time event, norma clearance of CK from the blood
can generaly be expected in 2 to 3 days. Peak levels usualy
occur approximately 18 hours after the injury.13

One of the hypotheses tested in this study was that an in-
crease in serum CK levels would be noted in each consecutive
CK measure. However, a statistically significant rise was noted
only between CKM1 and CKM2 (Figure 1). A gradua de-
crease from CKM2 to CKM4 was then demonstrated, even
though the intensity, length, and collision content of the prac-
tices remained the same for the duration of 2-a-day practices.
The difference between CKM2 and CKM3 was not statisti-
caly significant, nor was the difference between CKM3 and
CKM4. The initia rise in CK levels may have resulted from
muscle cell damage due to the unaccustomed activity, coupled
with the blunt trauma occurring to the body during tackling
and hitting drills. The initial rise followed by a gradua de-
crease in blood levels of CK seen in this study supports the
hypothesis of Byrnes et a2! that there may be a “pool” of
injury-prone fibers in the human skeletal muscle system.
Byrnes et a?! studied seriadl CK measures in 3 groups of
downhill runners. Each group performed 2 bouts of downhill
running with 3, 6, or 9 weeks separating each bout. Both group
1 and group 2 had significantly lower CK increases in the
blood after the second bout as compared with the first bout,
indicating that a muscular adaptation had taken place. In group
3, however, the postexercise CK increases were similar for the
2 bouts of downhill running. The researchers hypothesized that
9 weeks was too long for the “pool’” of injury-prone fibers to
maintain the damage-resistant adaptation that had occurred.

Another possible explanation for the high CKM2 reading,
combined with the gradualy decreasing CKM3 and CKM4
results, is that during the practices between CKM1 and CKM2,
the players were required to wear ‘‘shells.” ““Shells’ consist
of a helmet, shoulder pads, jersey, and shorts. No thigh or hip
padding was worn during this time. After CKM2, full pads
were worn for every practice. The consecutively lower blood
concentrations in CKM2, CKM3, and CKM4 might be indic-
ative of the protective effects of full pads as opposed to just

154 Volume 37 ® Number 2 e June 2002



wearing ‘“‘shells.” Also, it is possible that a physiologic ad-
aptation occurred to allow greater elimination of CK from the
blood more quickly or that the muscle cells adapted to inhibit
damage.

All subjects in this study showed laboratory evidence of
exertional rhabdomyolysis. Line and Rust* and Rucker and
Tannerl4 defined laboratory evidence of exertional rhabdo-
myolysis as CK levels 5 to 10 times greater than the normal
levels for the sex. All athletes had at least a 5-fold increase in
serum CK concentrations between CKM1 and CKM2, while
9 of 12 athletes had a more than 10-fold increase between
CKM1 and CKM2. Whether the athletes exhibited any phys-
ical signs and symptoms of exertional rhabdomyolysis, such
as muscular weakness or pain, muscular swelling, cramping,
or darkened or tea-colored urine is unknown. Also unknown
is whether the athletes in this study exhibited any other lab-
oratory evidence of exertional rhabdomyolysis, such as elec-
trolyte imbalances, pH disturbances, creatinine and lactate de-
hydrogenase increases, or the presence of myoglobinuria, as
these were not tested.’> However, none of the athletes who
had large increases in CK had any heat-related illnesses or
medical issues that required them to take time away from the
practice schedule. The data from this study imply that large
increases in CK concentrations can occur in the blood of foot-
ball players without the athletes' leaving practice secondary to
injury of any kind.

Overdll, the fitness measures were negatively correlated to
CKDiff; however, only 1 of the 6 coefficients was statistically
significant, with 3 others showing a trend toward significance.
These data show a trend toward lower increases in CK in the
athletes who were more fit (including BMI and body fat per-
centage).

The 2 fitness variables most strongly correlated with CKDiff
were peak power (r = —.64, P = .025) and anaerobic capacity
(r = —.54, P = .071). Peak power was the only fitness mea-
sure that was statistically related to CKDiff. The athletes with
the lowest peak power tended to have greater increases in CK
concentrations in the blood from CKM1 to CKM2. Although
anaerobic capacity and CKDiff were not significantly corre-
lated statistically, the P value obtained was not much higher
than the preset apha of .05. As a result, although not statis-
tically significant, there was a trend for low scores on the
anaerobic capacity test to be associated with higher levels of
CK in the blood.

If a nonstatistical comparison is made among the 3 athletes
who scored the highest on the test of anaerobic power (sub-
jects 7, 9, and 10) with the athletes who scored the poorest on
the test (subjects 1, 3, and 11), we find that the athletes who
scored high generally had much lower increasesin CK (Table
2). Where subjects 7, 9, and 10 had CK values that were more
than 14, 21, and 13 times, respectively, the normal limits for
men, subjects 1, 3, and 11 had CK values that were more than
58, 110, and 5 times, respectively, the normal limits. We
should recall that al the athletes in the study were conditioned
in the same manner. When a nonstatistical comparison was
made between the high (subjects 5, 9, and 12) and low (sub-
jects 1, 3, and 11) scorers on the test of anaerobic capacity,
similar results were noted. Subjects 5, 9, and 12 had 25, 21,
and 19 times, respectively, the normal limits for men, while
subjects 1, 3, and 11 had, as mentioned earlier, CK values that
were more than 58, 110, and 5 times, respectively, the normal
limits. These results may suggest that football players who
were not as anaerobically fit sustained greater muscular dam-

age, as indicated by higher concentrations of CK in the blood,
and thus, were at higher risk for laboratory evidence of ex-
ertional rhabdomyolysis. Although the topic does not seem to
have been addressed in past literature, our results support the
suggestion that training football players to increase anaerobic
peak power and anaerobic capacity may offer protection from
excessive muscular damage.

Body mass index (r = —.51, P = .090) and percentage of
body fat (r = —.52, P = .082), while not statistically signif-
icant, were also negatively correlated with CKDiff. There was
a trend toward greater muscular damage, as indicated by high
CK concentrations in the blood with lower BMI and lower
percentage of body fat levels. It may be that the players who
had more body fat were afforded extra protection from trauma
to the muscles during body contact in football. Thus, the extra
body fat may have provided a ‘‘ cushioning effect,” giving the
skeletal muscle more protection. Another plausible explanation
for the effect of lower CK levels seen with higher body fat
percentages and BMIs is related to position played. It could
be that, since the players who had higher levels of body fat
were the offensive- and defensive-line players, they were not
subjected to the quantity of high-velocity body contact to
which some of the players in other positions were subjected.

An interesting contrast to the data included in the above
analysisis the data collected on one subject who did not follow
the research protocol and was thus not included in the statis-
tical analysis. This subject sustained a neck injury that allowed
him to perform conditioning activities (sprinting, jogging, stair
stepping, stationary bicycle) with the rest of the participants
in the study but kept him from any contact in practice. The
CK measures for this subject were 104 U-.L-1 (CKM1), 901
U-L-1 (CKM2), 183 U-L-1 (CKM3), and 1651 U-L-1
(CKM4). Theinitial increase in this participant’s CK concen-
tration from CKM1 to CKM2 was caused solely by physical
conditioning. Then, even though this athlete continued to con-
dition with the same intensity, his CK concentration dropped
drastically (CKM3), presumably due to the same mechanism
as the other subjects. Immediately after the blood was drawn
for CKM3, the team physician cleared this participant for full
physical contact during practice. The dramatic rise in CKM4
for this subject suggests that muscular trauma, resulting from
the collisional nature of football, is responsible for the increase
in CK in the blood. The data from this subject could be used
as a case study of what may have happened to the other sub-
jects under similar circumstances.

As with any study performed in the field, internal validity
is sacrificed for external validity, asillustrated by several lim-
itations present in our study. One limitation is the small num-
ber of subjects, which limits extrapolation of these results. For
example, we do not know if football players at this institution
differed from football players at other institutions. Thus, a
larger and more representative sample is needed. Other limi-
tations include temperature and humidity variations from prac-
tice to practice and day to day, fitness and hydration status of
the participants, and nutritional status. Benefits include the fact
that these results could be easily applied to a practical situa-
tion.

Our findings offer several implications for further study. We
measured CK serum levels only. Elevated levels of myoglobin
in the blood can have atoxic effect on the glomerular filtration
rate, causing potential renal failure, especially in instance of
dehydration. Therefore, a more thorough investigation of CK
levels in the blood coupled with myoglobin levels, electro-
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lytes, and blood urea nitrogen and creatinine would provide
useful information. Also, exploring factors that can affect pre-
season conditioning status and factors that allow, for example,
proactive rehydration strategies for these players in hot and
humid environments, would help us to understand if such mea-
sures can aid in the prevention of exertional rhabdomyolysis
in the football athlete.
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